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Abstract 
Through calculation and research about energy consumption and pollutant discharge of the centralized heat-supply 
system reforming, we have calculated reductions of the pollutant emissions. The result of calculations shows that 
district heating energy-saving transformation can reduce 51563.4 tons of carbon dioxide emissions, 7.6 tons of soot 
emissions, 22.5 tons of SO2 emissions and 165.3 tons of NOX emissions. With the calculation, the economic benefit 
for the reductions of pollutant can be got. And it is shown that the project has huge environmental benefits. 
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1. Introduction 
District  heating is a heating mode  for a long-term that Chinese government is actively encouraging. 
The area of d istrict heating is increased from 27650 million square meters  to 110766 million square 
meters from 1991 to 2000, and in 2005 it reached to 252100 million square meters . The rapid growth 
areas of district heating are main ly concentrated in north and northeast area of China. The area of d istrict 
heating includes residential and commercial build ings. Among them, residential heating area accounts for 
about 70% of the total heating area of district heating, the area of commercial building is 30% of the total 
area [1]. In the process of the development of d istrict heating, the efficiency of the elder boiler is low, the 
consumption of energy is high and the environmental protection facilit ies are substandard. The best way 
to solve the problem is to realize the reform of district heating supply system. In this paper, reductions of 
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the pollutant emissions have been calculated and the co-benefits has been analysed. The project provides 
the theoretical basis for the energy efficiency reforming of the heating in the north area and has a guiding 
role for the other areas of China.  
2. Case study 
2.1. Introduction of the project 
This project is located in Tianjin and covers with an area of 23199.7 square meters . The availab le area 
is 19230.3 square meters . There are 19 medium and small-scale heating plants in the area, the biggest 
capacity of the boiler is 29MW, the smallest capacity of the boiler is 2.8MW, and total capacity is 
308.6MW. The heating area is 4.42 million square meters . The increased new heating area will be 3.64 
million square meters. At present, only a heating plant adopts the automatic control system, the other 18 
heating plants have these problems of small volume, the low efficiency of equipment, high consumption 
of energy, the substandard environmental protection facilities  and cover the large area. The purpose of the 
project is to build a new heating supply station with a high efficiency, which is equipped with 5 boilers 
with capacity of 70MW. The new station is used to replace of 40 inefficient coal-burning boilers in the 18 
heating plants and to meet the demand of heating in the winter. In the project the heating station and 
heating network will be reformed to be high efficiency, distributed frequency regulating system will be 
adopted which uses variable speed pump to replace the regulator. 
2.2. Calculation of thermal load 
According to the actual situation of the project, the project adopts the area index method. The method 
is widely used in district heating. According to the regulations of Tianjin energy policy, the design 
standard of civil building energy-saving and the thermal design specificat ion of the city, meteorological 
conditions of Tianjin, practical arch itectural structure types , through the integrated computation, the 
average heat index of existing buildings is 55W/m2, and that of the new residential buildings is 44W/m2. 
Because new projects are in accordance with the national standards and adopt the energy-saving 
measures, we only consider the existing buildings in analyzing the reduction of t he project. The heating 
load is 243MW, the period of heating in Tianjin is 3 months, equally to 2160 hours. So the total heating 
load of the existing buildings is 1889.568TJ. 
3. Calculation of reduction of the district heating energy saving transformation project  
3.1. Calculation of the emissions 
x 1) Calculation of the boiler heating 
Q=Q0/η                                                                                                                                        (1) 
Where, Q is the heat needed of boiler, TJ. Q0 is the heat demanded of the heating area, TJ. η  is the 
efficiency of boiler, % (fo r the conservative calculations, 65% before the reconstruction and 80% after the 
reconstruction are used). 
x 2) The emissions of CO2 
    GCO2=Q×α                                                                                                                                   (2) 
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Where, GCO2 is the emissions of CO2, t. α is the coefficient of carbon dioxide emission. According to 
the rule of IPCC, emission factor of 94.60tCO2/TJ is adopted. 
x 3) Calculation of the amount of coal which the boiler consumed 
       B=Q×106 /B0                                                                                                                            (3) 
Where, B is the amount of coal which the boiler consumed, t. Q is the heat need of boiler, TJ. B0 is the 
heat value of the coal, KJ/Kg, according to the coal property, 23860 KJ/Kg is accepted. 
The main  measure for controlling CO2 of boiler is improving energy efficiency. W ith the control of 
CO2 emissions, SO2, NOX and dust etc of pollutant emissions are reduced. Therefore, controlling CO2 
emissions and controlling SO2, NOX, smoke emission is consistent [2]. According to the material balance 
method of the regulat ions on the collection and use of outlay of pollutants [3], the following formulas can 
be obtained: 
x 4) Calculation of soot emissions 
    GSD=B×A×dfh×(1-y)/(1-Cfh)                                                                                                        (4) 
Where, GSD is soot emissions, t. B  is the amount of coal which the boiler consumed, t. A is the dust of 
the coal, according to the coal property, 9.3% is used. dfh is the share that fly ash of soot in the total ash, it 
is relevant to the burning way, the pro ject adopts Chain furnace, 25% is used [3]. y  is the dust removal 
efficiency of de-dusting system, the project  adopts two grades of dust removing, the efficiency reaches to 
99%. Cfh is the content of carbon in the soot, %, generally 30% is used [3]. 
x 5) Calculation of sulfur dioxide emissions 
     G(SO2)=2×80%×B×S×(1-y)                                                                                                        (5) 
Where, G(SO2) is sulfur dioxide emissions, t. The sulfur content of coal can be divided into flammable 
sulfur and non-combustible sulfur, flammable sulfur of total sulfur is 80% [3]. B  is the amount of coal 
which boiler consume, t. S is the total sulfur in the fuel, according to the coal property, it is 0.41%. y is 
the desulfurazation efficiency of the desulfurazation equipment, according to the coal property, it is 85% 
x 6) Calculation of NOX emissions 
  G(NOX)=1.63×B×(N×b+0.000938)                                                                                                (6) 
N in the coal and O2 in the air can make NOX in the combustion, 90% of the NOX is NO, and the other 
is NO2. G(NOX) is NOX emissions, t. B is the amount of coal which the boiler consume, t. N is the content 
of Nitrogen in  the fuel, according to the coal property, it is 0.7%. b is nitrogen conversion in the fuel, it is 
50% in the chain furnace[3]. 
x 7) The emissions of CO 
G(CO)=2.33×B×Cfh×β                                                                                                                      (7) 
Where, G(CO) is the emissions of CO, t. B is the amount of coal which the boiler consume, t. Cfh is the 
content of carbon in the fuel, according to the coal property, it is 65.4%.β is the incomplete combustion of 
the fuel, according to the coal property, it is 3% 
x 8) The quantity of boiler slag 
  GZ=dZ×B×A/(1-CZ)                                                                                                                       (8) 
Where, GZ  is the quantity of boiler slag, t. dZ is the percentage of the ash in  the boiler slag  for the total 
ash in the coal, %, dZ  =1- dfh =1-25%=75%. B is the amount of coal which the boiler consume, t. A is the 
content of ash in the coal, according to the coal property, it is 9.3%. CZ is the content of combustible in 
the boiler slag, generally it is 25% [3]. 
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x 9) The coal ash of the boiler 
Gf=dfh×B×A×y/(1-Cf )                                                                                                                (9) 
Where, Gf is the coal ash of the boiler, t. dfh is the percentage of the ash of the soot in the total ash of 
the coal, 25%. B is the amount of coal which the boiler consume, t. A is the percentage of the ash in the 
coal, according to the coal property, it is 9.3%. y is the dust removal efficiency of dust removal system, it 
is 99%. Cf is the content of combustible in the ash, generally, it is 45% [3]. 
3.2. Calculation of the reduction of all sorts of pollutant emissions 
From above calculations, all the pollutant emissions can be obtained from table 1 
Tab.1 The compare of emissions after modification 
 Before the reforming After the reforming Emission reduction 
The efficiency of boiler 65% 80%  
The heating of boiler, TJ 2907.1 2361.9 545.1 
The amount of consuming coal, t 121836.9 98992.5 22844.4 
CO2, t  275004.8 223441.4 51563.4 
Soot, t  40.5 32.9 7.6 
SO2, t  119.9 97.4 22.5 
NOX, t  881.4 716.1 165.3 
CO, t  5569.7 4525.4 1044.3 
Boiler slag, t  11330.8 9206.3 2124.5 
Coal ash, t 5098.9 4142.8 956.1 
4. Analysis of co-benefits 
The formula about the value of the reduction of emissions 
Mi=ΔGi×Ji                                                                                                                            (10) 
Where, Mi is the economic value of the reduction of emissions, Yuan. ΔGi is the reduction of pollutant 
emissions, Ji is economic value of unit reduction, i is the type of pollutant emission. 
CDM (Clean Development  Mechanis m) is currently the only carbon trading mechanis m, so we can 
reference to the contract price of CERs (Cert ified Emiss ion Reduct ion) in CDM. When the CDM 
project achieve saving energy, CERs trad ing, we can obtain the value of CO2 emission. Through the 
CDM information Center of China, JCO2 is 7.4 Euro/t (=66.7 Yuan/t) 
At present, the principle of co llect ing sewage charges includes charging for pollution, for the emission 
calculated with above data, the punishment will be accepted according to the law on the prevention of air 
pollution [4]. In the p roject, JSO2 is main ly according to  relevant charges and forfeit, presently, the price is 
631.6Yuan/t [6]. 
We simplify the problem and adopt the charges for pollutants to calculate the loss which NOX and soot 
bring to the national economy [5]. In the project, we adopt that JNOX is 631.6Yuan/t [6]. JSD adopts the 
charges for pollutants to calculate the loss of the national economy, it is  275.2Yuan/t [6]. JCO is pollutant 
charge of CO. According to the rules of charges for pollutants, it is 35.9 Yuan/t [6]. Similarly, the 
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pollutant charge of coal ash is 30 Yuan/t and that of slag is 25 Yuan/t [6]. The results obtained list in the 
table below. 
Tab.2 The value of each pollutant emission 
Pollutants  Emission reductions˄t˅  
Economic value of unit reduction
˄Yuan/t˅  
Value of emission reductions
˄Yuan  ˅
CO2 51563.4 66.7 3439278.8 
SO2 22.5 631.6 14211 
NOX 165.3 631.6 104403.5 
Soot 7.6 275.2 2091.5 
CO 1044.3 35.9 37519.7 
Coal ash 956.1 30 28683 
Slag 2124.5 25 53112.5 
The project can also save the land. It is good for building other facilit ies and can provide more 
convenient for people. It has good social benefits . Compared with the original, it can save a lot of 
employees and better optimized configuration of human resource. 
5. Conclusion 
The pollution from winter heating in northern China is important pollution sources of the city. These 
elder medium and small boilers have low efficiency and high energy consumption and environmental 
protection facilities are substandard. The best way to solve the problems is to adopt high efficient coal-
burning boilers to replace inefficient boilers. Through the studies, we have shown that the reforming of 
district heating system can improve energy efficiency. In the process of controlling greenhouse gas 
emissions, it can bring huge economic benefits and environmental benefits . Meanwhile, the research can 
provides theorical basis for the analysis of co-benefits in the reforming of district heating system. 
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